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When coronary artery disease is extensive and of rela-
tively uniform severity, regional myocardial hypoper-
fusion may be balanced during stress, precluding de-
velopment of spatially relative perfusion defects.
Assessment of the washout of thallium-201 from myo-
cardial regions may provide diagnostic assistance in these
cases because washout analysis is spatially nonrelative
and hypoperfused myocardial regions manifest a slow
thallium-2Ot washout rate. In 1,265 consecutive patients
having quantitatively analyzed stress-redistribution
scintigraphy, 46 had a diffuse slow washout pattern with
no or a maximum of one regional perfusiondefect. Thirty-
two underwent clinically indicated coronary angiogra-
phy, and 23 (72%) of these were found to have three
vesselor left main disease. Of 30 similar patients without
Although stress-redistribution myocardial thallium-20l per-
fusion scintigraphy has gained widespread acceptance as a
noninvasive method for detecting and evaluating patients
with coronary artery disease (1-3), it may misclassify and
occasionally misdiagnose completely, some patients with
extensive coronary disease (4-7). This limitation arises pri-
marily hecause conventional scintigraphic interpretation re-
lies on spatially relative perfusion defect analysis. Thus,
rather uniform global hypoperfusion cannot be distinguished
from normal perfusion, and difficulties may also arise in
evaluating the abnormality of segments adjoining those that
are clearly underperfused.
Analysis of the clearance of thallium-20l from the myo-
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a diffuse slow washout pattern and with no or a maxi-
mum of one perfusion defect, only 5 (17%) had extensive
coronary disease. An independent relation between dif-
fuse slow washout and extensive coronary disease was
demonstrated by a Mantel-Haentzel chi-square analysis
of a wide variety of other indexes of extensive disease.
A diffuse washout abnormality, even in the absence of
other scintigraphic, clinical or electrocardiographic in-
dicators, carries a high predictive value for three vessel
or left main coronary artery disease. The predictive value
is maintained when the exercise level achieved is sub-
maximal. Although an infrequent occurrence (3.6% of
tested patients), a diffuse slow washout pattern without
other scintigraphic indications of extensive coronary dis-
ease should lead to further diagnostic testing.
cardium after stress is a new method of scintigraphic inter-
pretation. It offers a spatially nonrelative assessment be-
cause the clearance rate from specific myocardial regions is
compared with previously established normal limits of clear-
ance for the same specific regions (8). Slow washout of
thallium-20l has been observed in hypoperfused myocardial
regions (9,10), and has been demonstrated to provide in-
formation additive to conventional perfusion defect analysis
in the assessment of extent of coronary artery disease (8).
Diffuse slow washout of myocardial thallium-20l is a dis-
tinctive scintigraphic pattern frequently seen in association
with numerous perfusion defects, indicating widespread
coronary artery disease. However, this pattern occasionally
is seen independent of the presence of widespread perfusion
defects, and may thus indicate the presence of otherwise
unsuspected extensive coronary artery disease (11,12).
Therefore, this study was designed to investigate the an-
giographic correlates of a diffuse slow washout of myo-
cardial thallium-20l in the presence of either no perfusion
defect or, at worst, a defect localized to the distribution of
a single coronary artery.
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Methods
Patients. The scintigraphic results of 1,265 consecutive
patients who had undergone quantitative stress-redistribu-
tion exercise thallium-20l imaging at Cedars-Sinai Medical
Center up to and including November 1981 were reviewed.
Forty-six patients were identified who exhibited a diffuse
slow washout pattern either in the absence of any perfusion
defect or associated with a perfusion defect confined to a
single myocardial region (inferior, posterolateral or ante-
rior). To be included in the group having a diffuse slow
washout pattern, a patient had to exhibit an abnormally slow
rate of myocardial thallium-20l washout in the distribution
of each of the major coronary arteries. This required a wash-
out abnormality in the inferior wall (right coronary artery),
posterolateral wall (left circumflex coronary artery) and either
the anteroseptal, anterolateral or septal wall (left anterior
descending coronary artery). Thirty-two of these patients
had undergone clinically indicated coronary angiography
and were designated Group A.
A control group (Group B) of patients was derived from
our computerized data base, which includes all patients who
had exercise thallium-20l scintigraphy and coronary angi-
ography between October 1980 and November 1981. Group
B comprised all patients in this data base who had no or a
single perfusion defect in the absence of diffuse slow wash-
out. The only scintigraphic distinction, therefore, between
Group A and Group B was the presence or absence of the
diffuse slow washout pattern.
Thallium-20l imaging and angiography took place in
variable order, as indicated clinically. The mean time be-
tween imaging and angiography was 3 weeks. Two patients
were included in the study although imaging and angiog-
raphy were separated by more than 6 months, since angi-
ography preceded thallium imaging and indicated the pres-
ence of three vessel coronary artery disease. This approach
was used because coronary disease may progress over time,
but only rarely has been observed to regress.
Exercise protocol. All patients were exercised using a
multistage treadmill test according to the Bruce protocol.
Beta-receptor blocking medications were discontinued at
least 24 hours before testing, and nitrates and food ingestion
were withheld for at least 3 hours. Exercise was symptom-
limited, being terminated only because of severe fatigue,
serious arrhythmias, hypotension or the development of in-
creasingly severe chest pain. Cuff blood pressure was mea-
sured by a physician immediately before testing, during the
last minute of each stage of exercise and at peak exercise.
Electrocardiographic leads VI, V5 and aVF were continu-
ously monitored and recorded. Twelve lead electrocardio-
grams were recorded at rest, at the end of each 3 minute
stage of exercise and every minute during 5 minutes of
recovery.
Exertional hypotension was defined as a decrease in sys-
tolic blood pressure of 10 mm Hg or more compared with
the previous reading. A markedly positive stress electro-
cardiogram was defined as 2 mm or more of horizontal or
downsloping ST segment depression, read at 0.08 second
from the J point, when at least I mm of ST segment depres-
sion occurred within the first 6 minutes of exercise.
Imaging procedure. At peak exercise, 2 mCi of thal-
lium-201 was injected into an antecubital vein, after which
exercise was continued for an additional 45 to 90 seconds.
Planar scintigraphic imaging was started 6 minutes after
exercise termination and included anterior and 45° and steep
(85°) left anterior oblique views. To ensure compensation
for variation in orientation of an individual patient's heart,
the shape of the left ventricular myocardium was evaluated
in the 45° left anterior oblique view by obtaining a 2 minute
image. If significant heart rotation was noted, the angulation
of the camera was changed until the long axis of the left
ventricle became vertically aligned. The difference between
this angle and 45° indicated the degree of heart rotation and
was considered when positioning the patient in the anterior
and 85° left anterior oblique views. Redistribution images,
taken in the same order, were begun between 3 and 5 hours
after injection. For redistribution imaging, the recorded stress
angulations were tried first. If there was indication of change
in heart orientation relative to the camera, appropriate cor-
rections in angulation were made. During the time interval
between stress and redistribution, patients were advised to
have a light liquid lunch and to undergo no strenuousactivity.
Imaging was performed using a small field of view Anger
camera equipped with 37 photomultiplier tubes, a 0.25 inch
(0.64 em) thick sodium iodide crystal and a high resolution
parallel hole collimator. During each phase of imaging, to
minute acquisitions, each affording at least 200,000 counts,
were obtained.
Computer processing. The scintigraphic images were
processed using a recently described (13) computer algo-
rithm that employs bilinear interpolative background sub-
traction (14,15) and nine point weighted smoothing. From
these processed images, a circumferential profile of the stress
and 4 hour myocardial distributions of thallium was ob-
tained, with each point in the profile representing the max-
imal counts per pixel along a radius originating from the
visually located center of the left ventricle and traversing
the myocardium. The profile was constructed by computer
from the values of 60 such radii spaced at 6° intervals.
The resulting profile was aligned by the operator, such
that the 90° point in each view corresponded to the scinti-
graphic apex. The number of counts in each point on the
curve were then normalized to the maximal counts in the
stress profile of each view, and all values were plotted as
percent of maximal count.
Washout rate circumferential profiles were generated by
calculating percent washout for each 6° radius from the time
of stress imaging to 4 hour redistribution imaging. In the
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calculation of washout rate, it was important that count
collection times for each view at each time interval were
identicai and that there was precise replication of patient
position The actual times at which the stress and redistri-
bution "jews were obtained were used to interpolate the
redistribution and washout circumferential profiles to ex-
actly 4 hours (16).
Quantitative scintigraphic interpretation. For the as-
sessment of regional abnormality, stress and washout rate
circumferential profiles of all patients were automatically
compared with normal limits. From the pooled data of 31
normal subjects, we had previously established the mean
value and standard deviations for each of the 60 angular
locations of the anterior and 45° and 85° left anterior oblique
images for the stress and washout circumferential profiles
(13). By comparing the pooled data of known normal sub-
jects with those of patients with known abnormalities (13).
the following criteria were derived as optimally defining
abnormalities:
1) A stress defect was defined by any 18° segment (three
contiguous radii) of the stress profile falling below the nor-
mal limit;
2) Slow washout was defined by any 18° segment (three
contiguous radii) of the 4 hour washout profile falling below
the normal limit;
3) T(I be considered abnormal, the patient needed at least
two abnormal 18° arcs in the combined initial distribution
and washout profiles in the three views.
Assignment of coronary territories to myocardial im-
ages. In each view, three myocardial regions were indi-
vidually assessed. In the anterior view, these regions were
the anterolateral, apical and inferior myocardial walls. In
the left anterior oblique 45° view, these were the septum
and the inferoapical and posterolateral walls. In the 85° left
anterior oblique view, the myocardial regions assessed were
the ape), and the anteroseptal and inferior walls. The profile
corresponding to the outflow tract, represented in each view
by the arc from 210° to 330°, was not analyzed. The arc
from 6Cf to 120° was designated the apex in the anterior
and 85e left anterior oblique views; it was designated the
inferoapex in the 45° left anterior oblique view. An abnor-
mality of the apex or inferoapex was used to detect coronary
disease. but not to localize it to a specific coronary artery.
For localization of anatomic disease, the distribution of
the left anterior descending coronary artery was considered
to be the anteroseptal, anterolateral and septal myocardium.
The distributions of the right coronary artery and the left
circumf.ex coronary artery were considered to be repre-
sented -espectively by the inferior (anterior and 85° left
anterior oblique views) and posterolateral walls (45° left
anterior oblique).
Coronary angiography. Selective right and left coro-
nary angiography was performed in all cases for clinical
reasons Angiograms were interpreted and recorded by two
experienced observers who were unaware of the results of
exercise scintigraphy. The findings for each coronary artery
or major branch were recorded as either normal or as a
visually estimated percentage of maximal luminal diameter
narrowing in any view. Patients were considered to have
significant coronary artery disease if they had stenoses equal
to or greater than 50% luminal diameter narrowing.
Extensive coronary artery disease was defined as the pres-
ence of significant stenoses involving all three major coro-
nary arteries or the left main coronary artery alone.
Experimental design and statistical analysis. The pa-
tients in Group A were compared with those in Group B
for the relative proportions of extensive coronary disease,
age, sex, history of chest pain, number of perfusion defects
and electrocardiographic and physiologic response to stress.
Comparative distribution of three vessel or left main coro-
nary artery disease within the two groups was evaluated
using the chi-square test (17). Confidence intervals for the
difference in proportions in Group A versus Group B were
computed for both perfusion defect categories combined and
separately for those patients manifesting no perfusion defect
as opposed to one perfusion defect (18). Differences in the
proportions of three vessel or left main coronary artery dis-
ease in Groups A and B were also evaluated at different
levels of age, sex, treadmill response and history of chest
pain (18). The positive and negative predictive value of the
diffuse slow washout pattern for the presence of three vessel
or left main coronary disease were calculated (19). These
terms were defined as follows:
True positives
Positive predictive value = x 100.
All positives
. . True negatives
Negative predictive value = x 100.
All negatives
Results
Diffuse slow washout and extensive coronary
disease. Comparison of patients with (Group A) and
without (Group B) diffuse slow washout. No significant dif-
ferences were found between patients in Group A and Group
B for age, sex, number of minutes of exercise completed
or in the incidence of exertional hypotension, a markedly
positive electrocardiographic response to exercise or test-
induced chest pain (Table 1). Group A patients attained a
significantly lower maximal heart rate during exercise. In
Group A, 23 (72%) of the 32 patients were found to have
extensive (three vessel or left main) coronary artery disease,
compared with only 5 (17%) of the 30 patients in Group B
(Table 2). This association of diffuse slow washout pattern
with three vessel or left main coronary artery disease was
highly statistically significant (p<O.OO1, chi-square test).
Ninety-one percent (21 of 23) of the Group A patients with
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Table 1. Comparison of Pre- and Postexercise Test Variables Between Patients in Group A and
Group B
Group A Group B
(n = 32) (n = 30) P Value
Pretest variables
Age
Mean 57.0 55.0 0.4814
SD 10.8 10.7
Sex
Male 27 (84.4%) 20 (66.7%) 0.183
Female 5 (15.6%) 10 (33.3%)
Post-test variables
Test-induced angina 17 (53.1%) 8 (26.7%) 0.062
Duration of exercise (min)
Mean 7.4 8.9 0.1188
SD 3.3 3.9
Heart rate attained *
Mean 80% 95% 0.000
SD 11.6% 13.5%
Exertional hypotension 6 (19%) 1(3%) 0.1049
Markedly positive ECG 13 (40.6%) 6 (20%) 0.138
response to exercise
*Expressed as a percent of predicted maximal age-related heart rate. ECG = electrocardiographic; p =
probability; SD = standard deviation.
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extensive coronary disease had three vessel disease, and 9%
(2 of 23) had left main coronary disease in the absence of
three vessel disease. In Group B, the respective numbers
were 60% (3 of 5) and 40% (2 of 5).
Relation of three vessel or left main coronary artery
disease to diffuse slow washout pattern in subgroups with
no or one perfusion defect (Tables 3 and 4). Within Group
A, 13 patients had no perfusion defects, and 9 (69%) of the
13 were found to have extensive disease. Of the 17 patients
in Group B who had no perfusion defect, 2 (12%) had
extensive disease. The test for the difference in proportions
was statistically significant (p = 0,002, Fisher's exact test).
Extensive disease was found in 14 (74%) of 19 patients in
Group A with one perfusion defect, but in only 3 (23%) of
13 patients in Group B with one perfusion defect. The test
for the difference in proportions in this group with a single
perfusion defect was also statistically significant (p = 0.0105,
Fisher's exact test).
Predictive value ofpositive and negative test. Tables 2,
3 and 4 were used to compute these values (17). Point
Table 2. Prevalence of Three Vessel or Left Main Coronary
Artery Disease, Group A Versus Group B
Three Vessel
or Left Main Group A Group B
Disease (n = 32) (n = 30)
Present 23 (72%) 5 (17%)
Absent 9 (28%) 25 (83%)
Difference in proportions of three vessel/left main coronary artery dis-
ease = 0.55, P < 0.001. 95% confidence interval for difference in pro-
portions = 0.35 to 0.76.
estimates of these parameters with the 95% confidence in-
tervals are presented in Table 5. For patients developing no
or one perfusion defect, an associated diffuse slow washout
pattern correctly predicted the presence of extensive coro-
nary disease 72% of the time, while an absence of diffuse
slow washout pattern correctly predicted the absence of
extensive coronary disease in 83% of cases.
Independent predictor of extensive coronary dis-
ease. To determine whether the diffuse slow washout pat-
tern was an independent indicator of extensive coronary
disease or merely strongly associated with some other di-
agnostic variable and thereby contributing relatively little
additional information, the association between a diffuse
slow washout pattern and extensive coronary artery disease
was examined in terms of an additional 11 variables col-
lected on all patients (Table 6). The actual values obtained
within Groups A and B are listed as mean values ± standard
deviation where applicable in Table 1. For each variable,
the relation between the diffuse slow washout pattern and
extensive coronary artery disease was examined for all pos-
Table 3. Prevalence of Three Vessel or Left Main Coronary
Artery Disease in Patients With No Perfusion Defects on
Exercise Scintigraphy, Group A Versus Group B
Three Vessel
or Left Main Group A Group B
Disease (n = 13) (n = 17)
Present 9 (69%) 2 (12%)
Absent 4 (31%) 15 (88%)
Difference in proportions = 0.57, p = 0.002.95% confidence interval
for difference in proportions = 0.28 to 0.86.
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Table 4. Prevalence of Three Vessel or Left Main Disease in
Patients With Perfusion Defects in the Distribution of a Single
Coronary Artery, Group A Versus Group B
Table 5. Predictive Value of a Diffuse Slow Washout Pattern
in the Detection of Three Vessel or Left Main Coronary Artery
Disease, Group A Versus Group B
Three Vessel
or Left Main Group A Group B
Disease (n = 19) (n = 13)
Preseot 14 (74%) 3 (23%)
Absent 5 (26%) 10 (77%)
Difference in proportions = 0 .51, P = 0.0105. 95% confidence in-
terval for difference = 0.20 to 0.81.
Category
oand I perfusion defect (n = 62)
Predictive value of a positive test
Predictive value of a negative test
operfusion defect (n = 30)
Predictive value of a positive test
Predictive value of a negative test
I perfusion defect (n = 32)
Predictive value of a positive test
Predictive value of a negative test
Point
Estimate
0.72
0.83
0.69
0.88
0.74
0.77
95% Confidence
Interval
0.57 to 0.87
0.69 to 0.97
0.44 to 0.94
0.73 to 1.00
0.54 to 0.94
0.54 to 1.00
sible response categories. For example, did the association
of the diffuse slow washout pattern and extensive coronary
artery disease prevail with women as well as with men, and
with those who had exertional hypotension as well as with
those who did not?
Of 26 stratified tests performed, 21 yielded probability
values of less than 0.05 for the association of the diffuse
slow washoutpattern and coronary arteryextensivedisease.
In four of the five tables in which this association was not
statistically significant, the trend was in the expected di-
rection of more extensive disease when the diffuse slow
washout pattern was present; the failure to attain statistical
significance was most likelydue to small numbers. The only
table in which the association was not clearly apparent was
the one that includedonly female patients. Of the 16female
patients in the study, only 3 had three vessel or left main
coronary artery disease. Two of these were in the control
group (of a total of 10 female patients in this group) and
one was in the group with a diffuse slow washout pattern.
In nearly all of the stratified tables, the difference in the
proportionof patientswith three vesselor left maincoronary
disease in the group with a diffuse slow washout pattern
and the control group was striking, rangingfrom 12to 100%
(mean 57). A Mantel-Haentzel chi-square value, calculated
across all strata of the 11 covariates, produced a p value of
less than 0.001 (17), indicating the independent relation
between the diffuse slow washout pattern and the presence
of extensive coronary disease.
Of particular interest is the finding that the association
of a diffuse slow washout pattern and extensive coronary
artery disease remains strong regardless of peak heart rate
attained in the exercise test. In Table 7, patients who ex-
ercised to 75% or less of predicted age-related maximal
heart rate are compared with those who attained 85% or
more of predicted maximum. Within submaximal and max-
imal groups, the predictive value of both positive and neg-
ative results remains high.
The 32 patients in Group A were compared with the
remaining 14 patients who had the diffuse slow washout
pattern in association with no or one perfusion defect, but
who did not undergo angiography, with respect to all of the
variables listed in Table 6. None of these variables was
associated with angiography having been performed, sug-
gesting the random nature of angiography in this group of
patients.
Angiographic correlations. Of the 32 patients with a
diffuse slow washout pattern but with no or one perfusion
defect, only 9 were found to have neither three vessel nor
left main coronary artery disease. Two of these nine had
two vessel disease, three had severe dominant single vessel
Table 6. Variables Analyzed in Determining the Independent Association Between Diffuse
Slow Washout Pattern and Three Vessel or Left Main Coronary Artery Disease
Variable
Age
Sex
History of chest pain
Duration of exercise
Peak heart rate attained
Maximal ST depression
Slope of depressed ST segment
Markedly positive stress electrocardiogram
Exertional hypotension
Chest pain during test
Number of perfusion defects
Response Category
Years
Male , female
Typical or atypical angina. nonanginal pains or
asymptomatic
Minutes
% of maximal predicted age-related
Millimeters
Downward , upward, horizontal
Yes, no
Yes, no
Yes, no
0, I
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Table 7. Prevalence of Three Vessel or Left Main Coronary Artery Disease in Group A and
Group B Patients Exercising to Submaximal* Versus Maximal'] Heart Rates
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Three Vessel
or Left Main
Vessel
Present
Absent
Submaximal Maximal
Group A Group B Group A Group B
(n = II) (n = 3) (n = 10) (n = 22)
8 (73%) 1(33%) 7 (70%) 4 (18%)
3 (27%) 2 (67%) 3 (30%) 18 (82%)
Predictive value positive of a submaximal test = 73%
Predictive value positive of a maximal test = 70%
Predictive value negative of a submaximal test = 67%
Predictive value negative of a maximal test = 82%
*Submaximal = 00;75% of maximal predicted age-related heart rate; tMaximal
predicted age-related heart rate.
~85% of maximal
coronary disease, one had diffuse three vessel spasm on
ergonovine testing and three had entirely normal coronary
angiograms. Of the three with normal angiograms, in one
case there was a marked difference in patient positioning
between stress and redistribution images; a second patient
Figure 1. Stress (A) and redistribution (B) thallium-201 scmti-
grams from the same patient, revealing no perfusion defects on
visual analysis.
exercised for only 3 minutes, achieving 69% of the maximal
predicted heart rate; the third patient exercised for 9 minutes,
achieving 78% of the maximal predicted heart rate. This
latter patient represents the only clear-cut case where the
diffuse slow washout pattern suggested that coronary disease
was present under satisfactory exercise and imaging con-
ditions while coronary disease was, in fact, absent. Five of
the patients with a diffuse slow washout pattern but without
three vessel or left main coronary disease were in the group
having a single perfusion defect.
In 13 (93%) of the 14 patients with scintigraphic findings
of a diffuse slow washout pattern and a single perfusion
defect and angiographic evidence of three vessel or left main
disease, the myocardial region demonstrating a perfusion
defect was subtended by the most severely stenosed coro-
nary artery. Of the nine patients with a diffuse slow washout
pattern but no perfusion defect and with extensive coronary
artery disease, three had stenoses that were angiographically
equal in severity and the remaining patients had stenoses
that were not of identical angiographic severity.
Case example. Stress-redistribution scintigrams of a pa-
tient referred to the stress testing laboratory because of non-
anginal chest pain and subsequently proved to have three
vessel coronary artery disease are shown in Figure 1. No
perfusion defects are present. Because he exercised for 13
minutes and to 92% (153 beats/min) of age-predicted max-
imal heart rate, developed no chest pain, no exertional hy-
potension and equivocal electrocardiographic changes (I
mm upsloping ST depression), combined test results in-
cluding scintigraphy predicted a low likelihood for signif-
icant coronary disease. Quantitative scintigraphic analysis,
however, while confirming the visual impression of no per-
fusion defects, revealed washout abnormalities of the an-
terior, inferior and posterolateral walls (Fig. 2). Angiog-
raphy, done on specific request of the patient, confirmed
the washout-predicted extensive coronary disease, including
a 75% lesion of the proximal left anterior descending coro-
nary artery, a 90% narrowing of the right coronary artery
and a 99% narrowing of the left circumflex coronary artery.
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Discussion
Thallium-2ot scintigraphy and extensive coronary
disease. Many centers have reported high predictive ac-
curacies of exercise thallium scintigraphy for the detection
of patients having coronary artery disease (1-3,8). In pa-
tients who are diagnosed as having coronary disease , it is
important to be able to correctly classify those patients hav-
ing three vessel or left main coronary artery disease , because
these are known to be " high risk " angiographic pattern s in
terms of short- and long-term morbidity and mortality (20-
22) and because an effective treatment for these patients is
widely available (23- 25).
The accuracy of visuall y analyzed exercise thallium scin-
tigraph y in identifying patients with three vessel or left main
coronary disease was evaluated by Dash et al. (7) . In their
study , which included 42 patients with known three vessel
or left main coronary disease , although 95% were diagnosed
as haviog coronary disease , only 43% could be correctly
identified by scintigraphic findings to have three vessel or
left mam coronary disease. Con sistent underestimation by
thallium-20 I scintigraphy of disease extent in patient subsets
with known extensive disease has also been shown by us
(8 ,26) and others (4-6).
Figure 2. Actual reporting form of quantitativeanalysisof above
stress-redistribution scintigrams. For each view, the inner circle
of the circumferential profiles is for referenceonly. The outer two
circles are spatially related to corresponding myocardial regions.
with breaks in the middle circle denoting perfusiondefects (none
seen) and breaks in the outer circle appearing in the presence of
slow washout (widespread abnormalities).
Relative versus nonrelative analysis of regional wash-
out. Part of the reason for scintigraphic underestimation of
disease extent lies with the method of scintigraphic inter-
pretation, which is spatially relative . Whether assessed vi-
sually or with computer assistance, normalcy is assigned
inevitably to the myocardial region of each scintigraphic
view that has the most thallium uptake. Because the initial
thallium-201 distribution reflects relative rather than abso-
lute reduction in myocardial blood flow, areas with less
hypoperfusion may appear relatively normal compared with
the most severely hypoperfused segments. In cases of in-
homogeneity of absolute thallium-20l uptake, therefore, it
is quite possible that the best perfused region is in fact
underperfused but less than the rest of the myocardium (27) .
Occasionally, all myocardial regions may be underperfused
homogeneously. Thus, it is quite possible that no myocardial
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abnormality will be seen and the scintigram will be called
normal (28,29).
To circumvent the problems associated with the spatially
relative assessment of perfusion defects, regional myo-
cardial washout rate has been analyzed in a nonrelative
fashion to indicate hypoperfused myocardial segments that
do not show perfusion defects (8,13). It is of major im-
portance that the determination of abnormal washout rate
in our technique is by comparing the patient's regional wash-
out rate with a normal limit established in a separate group
of subjects, and does not involve any interregional com-
parisons. This spatially nonrelative method of interpreting
the scintigram should therefore offer the possibility of de-
tecting those patients with specific patterns of exercise-in-
duced ischemia who would be misdiagnosed or underdi-
agnosed by perfusiondefect analysis alone. Additional analysis
of regional myocardial thallium-20l washout rate has been
shown to supplement perfusion defect analysis in the de-
tection and localization of coronary artery disease (8) and
to improve correct identification of three vessel or left main
coronary disease (26).
In a patient suspected of having coronary artery disease,
the occurrence of widespread slow myocardial thallium-20l
washout associated with normal or near normal scintigrams
by perfusion defect analysis raises the possibility of under-
lying extensive coronary artery disease. With the foregoing
hypothesis, we studied patients with one or no stress per-
fusion defects and determined whether the diffuse slow
washout pattern was an indicator of extensive coronary
disease.
Diffuse slow washout and extensive coronary dis-
ease. In our study, 46 of 1,265 patients had a diffuse slow
washout pattern in the presence of either no perfusion defect
or a perfusion defect limited to the distribution of a single
coronary artery. Of these 46 patients, 32 underwent coro-
nary angiography and 23 (72%) were found to have either
three vessel or left main coronary artery disease. By per-
fusion defect analysis alone, 9 patients with proved three
vessel or left main coronary disease had entirely normal
findings, and another 14 such patients had defects suggestive
of single vessel disease. Thus, the addition of washout anal-
ysis was profoundly important in this group. In terms of
any tested variables, the 14 patients who did not undergo
angiography did not differ from those who did, attesting to
the random nature of angiography in our study patients. Of
30 patients who had either no perfusion defects or one lim-
ited to the distribution of a single coronary artery, but who
did not have a diffuse slow washout pattern, only 5 (17%)
had three vessel or left main coronary disease. The differ-
ence in the prevalence of three vessel or left main coronary
disease in patients with and without the diffuse slow washout
pattern is highly significant, implying a strong association
between this pattern and three vessel or left main coronary
artery disease.
Comparison with other predictors of extensive dis-
ease. The finding of an association between diffuse slow
washout pattern and extensive coronary disease would be
less significant clinically if patients manifesting this pattern
could have been predicted to have had extensive disease on
the basis of other easily measured variables. Two known
noninvasive clues to the presence of three vessel or left main
coronary disease, the development of exertional hypotension
or a markedly ischemic electrocardiographic response to
exercise, or both, are commonly used in conjunction with
thallium-201 scintigraphy to arrive at a predicted likelihood
for these high risk disease patterns. Although statistical anal-
ysis of our data has shown that the diffuse slow washout
pattern occurred independently of either or both of these
variables, and was as strongly associated with the presence
of three vessel or left main coronary disease whether these
other variables were present or absent, it is important to
know quantitatively how many of our patients with three
vessel or left main coronary disease would have been pre-
dicted to have had this on the basis of these nonscintigraphic
variables. Of the 23 Group A patients with extensive dis-
ease, only 1 developed exertional hypotension in association
with a markedly positive electrocardiographic response to
exercise, with 18 having one or the other. Thus, even if
either one of these variables, if positive, was relied on to
make a strong statement of likelihood for three vessel or
left main coronary disease, another five patients or 18% of
the entire group with extensive coronary disease detected
by diffuse slow washout pattern would have been missed.
It is evident from this discussion that the pattern of a
diffuse slow washout with no or one perfusion defect is an
uncommon scintigraphic finding. As such. this specific dis-
tinctive scintigraphic pattern should not be expected to sub-
stantially increase the sensitivity for the correct identifica-
tion of three vessel or left main coronary artery disease.
Indeed, it should be clear from this and our other study (26)
that some patients with extensive coronary disease will not
be correctly classified as such even by additional analysis
of regional myocardial thallium-20l washout rate. More
important, given its low prevalence in our tested study pa-
tients, is recognition of its high predictive value for the
presence of three vessel or left main coronary disease. Our
study has concentrated on patients whose scintigraphic anal-
ysis of perfusion defects would have predicted them to have
either no or only single vessel coronary artery disease. Even
in these patients in whom three vessel or left main coronary
disease would be expected to have a very low prevalence,
the diffuse slow washout pattern was found to be a strong
indicator for the presence of subsequently proved three ves-
sel or left main coronary disease.
Diffuse washout abnormality and specific anglo-
graphic findings. In the subgroup of patients with diffuse
slow washout and a single perfusion defect, the region with
defect was subtended by the worst diseased coronary artery.
This implied that despite a diffuse reduction in myocardial
blood flow, the most hypoperfused region demonstrated a
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perfusion defect and the remaining portions of the myocar-
dium were judged to be relatively normal.
In the subgroup with diffuse slow washout and no per-
fusion defect, lesions of identical angiographic severity were
not always observed. In fact, such findings were not antic-
ipated sinee recent reports (30,31) have indicated that sub-
jective anatomic information about stenoses cannot be gen-
eralized to their functional flow implications. Furthermore,
Gould (32) has demonstrated in animals that flow ratios of
normal to stenotic coronary arteries must approach 2:1 be-
fore a perfusion defect will appear on a scintigraphic image.
The combined implication of these reports is that patients
may hax e fairly discordant angiographic findings and re-
ductions in blood flow to adjoining myocardial regions, and
may still be missed by perfusion defect analysis.
Diffuse washout abnormality and exercise level at-
tained. It has been suggested (33) that delayed washout of
myocardial thallium-20l after exercise will have a low spec-
ificity for ischemia if exercise is submaximal. This is a
reasonable area for investigation, given that the normal rates
of washout are determined from a group of "normal" pa-
tients who exercise to exhaustion. However, our findings
indicate that the strong association between the diffuse slow
washout pattern and three vessel or left main coronary dis-
ease held even when patients achieved maximal heart rates
of less than 75% of the predicted maximum. There was, in
fact, no significant loss in predictive accuracy when max-
imal versus submaximal heart rate groups were compared.
This presumably indicates that the development of washout
abnormality in all myocardial regions is less influenced by
the level of exercise attained than is the development of a
limited area of washout abnormality. These findings do not
imply that false positive diffuse slow washout will not occur
at markedly submaximallevels of exercise; the submaximal
group studied here attained a mean heart rate of 69% of
predicted maximum (range 60 to 75%). Until further in-
formation is available, the appearance of a diffuse slow
washout pattern in patients who have attained less than 70%
of maximal predicted exercise heart rates and who have
developed no other indicators of extensive coronary artery
disease should provoke further noninvasive testing, such as
exercise radionuclide ventriculography, before a recom-
mendation for coronary angiography.
Possible study biases. An important question is whether
individuals who underwent angiography and, hence, were
eligible for our study were different from those who did
not. Although one would expect that patients being referred
for angiography for clinical reasons would be "sicker" than
patients who were not, comparison of patients in our group
with the diffuse slow washout pattern showed this not to be
the case. Of the 46 patients in our selected study group who
had the diffuse slow washout pattern, 32 had angiography
despite:he fact that by perfusion defect analysis they would
have been predicted to have had either no or single vessel
disease. The presence of a diffuse slow washout pattern was
recorded on the patient's final exercise scintigraphic report
and probably influenced physicians to recommend angiog-
raphy for these patients. In the patients without a diffuse
slow washout pattern from which the control group was
drawn, only 5% were referred for angiography. We did not
undertake a comparison between the few that did and the
many that did not have angiography. Although the differ-
ence in proportion of patients undergoing angiography in
the group with a diffuse slow washout pattern and the control
group is a potential source of bias, the bias would be in the
direction of the null hypothesis. This is because the selection
for angiography among the patients from which the control
group was drawn was a clinical decision, thus favoring those
who were more likely a priori to have extensive disease,
and thereby reducing the difference in proportions with three
vessel or left main disease between the diffuse slow washout
pattern group and the sample control group.
A second potential source of bias in the evaluation of a
new diagnostic technique is the lack of independent deter-
mination of the tested variables. In this study, the presence
or absence of the diffuse slow washout pattern was deter-
mined by a set computerized program, with a minimum of
operator input. The scintigraphic results were taken as orig-
inally interpreted, with no repeat analyses. The angiographic
diagnosis of three vessel or left main coronary disease was
made separately by two cardiologists experienced in reading
angiograms, who were totally unaware of the results of
exercise scintigraphy.
Third, one must be cautious that the new diagnostic tech-
nique is independent and not simply associated with an
already available diagnostic variable. Of the 11 variables
analyzed, which included those commonly used to identify
patients having extensive disease, the association of the
diffuse slow washout pattern with three vessel or left main
coronary disease was found to be not only strong, but con-
sistently strong even when other variables were held con-
stant. It would thus appear to be an independent diagnostic
indicator of extensive coronary artery disease. The one vari-
able in which an association of the diffuse slow washout
pattern and three vessel or left main coronary disease was
not clearly apparent was that which included only female
patients. The lack of association between the diffuse slow
washout pattern and extensive disease in women is probably
due to the small proportion of women with extensive disease
in our group of patients.
False positive diffuse slow washout. The finding of a
diffuse slow washout pattern may profoundly influence the
subsequent management of a patient who is normal or near
normal by perfusion defect analysis. In all cases, further
testing (for example, stress radionuclide ventriculography
or coronary angiography) would be recommended. As such,
it will be important to clarify the situations in which falsely
positive diffuse slow washout pattern may occur. Clearly,
a change in patient position between imagings, a delayed
uptake of thallium-20l by the myocardium (such as with
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tissue infiltration at the injection site) and imaging that is
count- rather than time-ba sed may result in widespread
washout abnormality. As such, attent ion to these technical
detail s is essential for the reliable use of myocardial washout
analysis. The role of variations in blood clearance rate of
thallium (34 ,35) and the effect of markedly submaximal
exerci se levels need further study .
Conclusion. On the basis of our findings , we conclude
that the diffuse slow washout pattern of myocardial thallium-
20 I is a marker of three vessel or left main coronary artery
disease . It identifies a group of patients with three vessel
or left main coronary disease who may not be so predicted
by the conventional scintigraphic criteria of perfusion defect
analysis. It is a strong indicator of the presence of three
vessel or left main coronary artery disease independent of
a number of other noninvasive criteria that have been used
in the past to identify this patient subset.
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